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WORKSHOP  GOALS: 

Over  the  past  10  years,  ozone  values  over  the  Antarctic  continent  have  dropped 
dramatically  during  the  austral  spring.  Because  ozone  absorbs  strongly  in  the 
UV-B  (280-320  nm)  portion  of  the  solar  spectrum  and  because  UV-B  radiation  is 
known  to  be  injurious  to  life,  it  is  important  to  assess  the  biological 
consequences  of  enhanced  UV-B  radiation  resulting  from  stratospheric  ozone 
depletion.  In  order  to  inform  and  educate  the  scientific  community  about 
Antarctic  UV  research,  the  National  Science  Foundation's  Division  of  Polar 
Programs  and  the  United  States  Environmental  Protection  Agency's  Environmental 
Research  Laboratory  in  Corvallis,  Oregon  co-sponsored  a  workshop  on  ultraviolet 
radiation  and  biological  research  in  Antarctica.  The  workshop  was  held  in 
Washington,  D.C.  on  June  7-8,  1988. 

The  goals  of  the  workshop  were  to:  provide  an  overview  of  UV-B  effects  on 
organisms  and  UV  radiation  measurements  for  individuals  interested  in  conducting 
research  on  the  consequences  of  enhanced  UV-B  radiation  for  Antarctic  organisms 
and  personnel;  describe  the  network  the  United  States  Antarctic  Program  is 
developing  for  monitoring  ultraviolet  radiation;  and  provide  a  forum  for 
discussions  among  researchers  interested  in  conducting  UV  research  in  Antarctica 
and  established  UV  researchers. 

The  workshop  began  with  presentations  on  the  status  of  present  knowledge 
concerning  biological  UV  effects.  The  presentations  were  followed  by  discussions 
on  the  United  States  Antarctic  Program's  UV  radiation  monitoring  equipment  (led 
by  G.W.  Harris)  and  UV  monitoring  program  (led  by  C.R.  Booth),  and  a  tutorial  and 
discussion  on  UV  lights,  filters,  and  measurements  for  use  in  biological  research 
(led  by  M.M.  Caldwell).  Fifty  one  scientists  from  Australia,  Chile,  Argentina, 
and  a  variety  of  U.S.  research  institutions  and  federal  agencies  participated  in 
the  workshop,  which  was  attended  by  over  70  individuals. 

To  stimulate  greater  community  awareness  and  provide  an  introduction  to  the  field 
of  UV  effects  on  organisms,  NSF  has  compiled  this  summary  of  the  workshop 
presentations;  an  abstract  and  short  list  of  key  references  from  each  talk  is 
provided. 

ULTRAVIOLET  RADIATION  MONITORING  PROGRAM: 

While  it  is  known  that  decreases  in  total  ozone  will  increase  the  amount  of  UV-B 
radiation  reaching  the  earth's  surface,  models  have  not  yet  been  developed  that 
can  accurately  predict  ultraviolet  radiation  levels  at  the  earth's  surface  for 
high  latitudes.  In  order  to  obtain  direct  measurements  of  predicted  changes  in 
ultraviolet  radiation  levels  resulting  from  the  Antarctic  "ozone  hole",  the 
United  States  Antarctic  Program  (USAP)  is  developing  a  network  for  monitoring 
ultraviolet  radiation.  Equipment  systems  have  been  installed  at  three  Antarctic 
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locations  (South  Pole,  McMurdo,  and  Palmer  Stations),  and  a  system  is  planned  for 
installation  at  Ushuaia,  Argentina.  Data  from  this  network  will  be  used  to 
determine  the  extent  of  ultraviolet  radiation  enhancement  due  to  Antarctic  ozone 
depletion  and  to  estimate  the  health  and  biological  consequences  of  stratospheric 
ozone  depletion  for  Antarctic  organisms  and  personnel. 

WORKSHOP  SUMMARY: 

Because  so  little  biological  UV  research  has  been  conducted  in  Antarctica, 
workshop  speakers  reviewed  research  results  from  lower  latitudes.  Where 
possible,  speakers  and  participants  commented  on  the  implications  of  UV  trends 
for  Antarctic  organisms;  these  insights  are  summarized  below. 

Both  Martyn  Caldwell  and  Richard  Setlow  stressed  that  there  are  considerable  gaps 
in  our  knowledge  of  UV  effects  on  organisms  (and  Antarctic  organisms  are 
virtually  unstudied  at  this  time).  Caldwell  established  the  importance  of 
obtaining  accurate  and  biologically  relevant  action  spectra  for  UV  damage.  He 
pointed  out  that  different  cellular  processes  have  different  action  spectra  and 
that  ozone  reduction  causes  damage  for  a  particular  system  or  organism  only  if 
the  relevant  biological  action  spectrum/spectra  has  certain  characteristics,  such 
as  increasing  detrimental  effect  with  decreasing  wavelength  over  the  ozone- 
absorbing  (UV-B)  region.  In  addition  to  obtaining  accurate  dose-response  curves, 
Setlow  urged  Antarctic  researchers  to  establish  the  relationship  between  UV  dose, 
dose  rate,  and  biological  effect. 

Arlin  Krueger  noted  that  in  October  1987,  ozone  values  in  some  areas  were  close 
to  zero  at  the  altitude  where  the  ozone  maximum  usually  occurred.  This  implies 
column  ozone  may  not  fall  much  below  the  1987  ozone  minimum  (109  DU)  unless  it  is 
removed  from  other  altitudes.  Krueger  and  John  Frederick  pointed  out  that  solar 
elevation  has  a  strong  effect  on  UV-B  penetration;  solar  elevation  at  midday 
increases  between  June  21  and  Dec.  21,  and  toward  the  equator.  Therefore,  even 
if  ozone  levels  are  the  same  or  higher  than  the  October  1987  ozone  minimum 
values,  increases  in  the  size  of  the  ozone  hole  or  in  its  duration  will 
significantly  increase  the  amount  of  UV-B  penetrating  to  the  earth's  surface. 
Because  UV  penetration  varies  so  strongly  with  latitude,  maximum  UV  penetration 
in  the  Antarctic  will  not  necessarily  coincide  with  the  ozone  minimum.  Because 
photoperiod  changes  rapidly  and  dramatically  between  June  and  December  in 
Antarctica,  it  will  be  important  to  monitor  organism  responses  to  both  the 
maximum  daily  UV-B  dose  and  the  integrated  daily  UV-B  dose.  Frederick's  model 
calculations  indicate  that  UV-B  levels  for  the  ozone  minimum  (October  5)  were 
comparable  to  summer  solstice  values  at  that  location;  Antarctic  organisms 
presumably  have  not  experienced  "record"  UV-B  levels,  though  spring  UV-B  levels 
were  higher  than  normal. 

Data  on  the  motion  of  the  ozone  hole  show  changes  in  the  position  of  the  hole 
relative  to  geographical  locations.  In  a  matter  of  days,  a  particular  region  may 
experience  dramatic  changes  in  UV-B  radiation  (column  ozone  changes  of  more  than 
150  DU  have  already  been  observed  over  this  time  scale).  Ray  Smith  coined  the 
term  "Middle-UV  front"  for  this  phenomenon.  Because  it  is  so  difficult  to 
reconstruct  the  solar  UV-B  spectrum  with  artificial  light  sources,  the  UV  front 
provides  a  unique  opportunity  to  study  the  response  of  organisms  to  large  changes 
in  solar  UV-B.  Smith  noted  that  organisms  adapted  to  gradual  seasonal  changes  in 
UV-B  may  not  be  able  to  respond  equivalently  to  similar  or  greater  changes 


condensed  over  a  short  period. 

Bruce  Chalker  noted  that  many  tropical  organisms  protect  themselves  from  UV-B 
with  mycosporine-1 ike  amino  acids  which  absorb  strongly  in  the  UV-B  region. 
Chalker  urged  that  Antarctic  organisms  be  tested  for  the  presence  of  UV-absorbing 
compounds.  Because  organisms  may  synthesize  UV-absorbing  compounds  only  when 
needed,  he  suggested  that  organisms  be  preconditioned  on  ecologically  appropriate 
time  scales  when  conducting  UV-enhancement  experiments. 

Frederick's  calculations  indicate  that  UV-B  levels  over  Antarctica  have  not  yet 
exceeded  those  in  the  United  States;  Antarctic  personnel  are  therefore  not 
presently  at  particular  risk.  The  United  States  Antarctic  Program  will  monitor 
UV  radiation  beginning  in  1988,  and  a  panel  of  experts  will  be  assembled  to 
evaluate  the  health  and  biological  consequences  of  the  data.  Hugh  Taylor  advised 
that  Antarctic  personnel  obtain  and  use  sunglasses  coated  with  a  compound  that 
absorbs  100%  of  wavelengths  below  400  nm.  Because  sunglasses  are  not  uniformly 
labelled,  he  urged  that  sunglasses  be  purchased  from  a  knowledgeable  source  such 
as  an  optometrist. 

Caldwell  led  a  tutorial  and  discussion  on  UV  lights,  filters,  and  measurements 
for  use  in  biological  research.  His  presentation  drew  on  the  following 
reference:  Caldwell,  M.M.,  W.G.  Gold,  G.  Harris  and  C.W.  Ashurst,  1983;  A 
modulated  lamp  system  for  solar  UV-B  (280-320  nm)  supplementation  studies  in  the 
field  (Photochem.  Photobiol.  37:  479-485).  Caldwell  stressed  that  it  is 
exceedingly  difficult  to  mimic  solar  UV  with  artificial  light  sources  and  to 
accurately  measure  UV  dose.  To  ensure  meaningful  and  reproducible  results,  an 
experienced  photobiologist  should  be  consulted  before  conducting  UV  research. 
Participants  agreed  that  efforts  should  be  made  to  establish  a  standard  protocol 
for  UV  lights,  filters  and  measurements;  lack  of  standardization  has  made  it 
difficult  and  sometimes  impossible  to  compare  results  from  different  studies. 

Participants  agreed  that  the  first  priority  for  Antarctic  biological  UV  research 
should  be  to  evaluate  the  consequences  of  enhanced  UV-B  for  marine  phytoplankton, 
since  the  marine  ecosystem  accounts  for  most  Antarctic  production  and 
phytoplankton  form  the  base  of  the  marine  food  chain.  Because  water  movements 
prevent  long-term  monitoring  of  the  same  water  mass,  another  priority  should  be 
the  establishment  of  terrestrial  plots  to  monitor  the  effect  of  UV-B  changes 
within  and  between  years. 

Participants  concurred  that  it  is  essential  to  monitor  Antarctic  UV-B  radiation 
with  wavelength-specific  equipment  and  applauded  the  United  States  Antarctic 
Program  for  establishing  a  UV  monitoring  network.  They  also  unanimously  agreed 
that  a  similar  program  should  be  instituted  for  monitoring  UV  radiation  within 
the  United  States  and  in  other  countries.  NOAA  has  been  monitoring  UV  radiation 
with  Robertson-Berger  meters  since  1974.  Participants  agreed  that  these  sensors, 
which  integrate  dose  over  290-330  nm  and  are  biased  towards  wavelengths  which  are 
not  strongly  absorbed  by  ozone,  should  be  replaced  with  spectroradiometers  such 
as  those  used  for  the  United  States  Antarctic  Program.  Participants  urged  that 
the  Robertson-Berger  network  be  continued  until  new  and  better  equipment  is  in 
place. 


*SOLAR  UV  AND  THE  ROLE  OF  ACTION  SPECTRA  IN  ASSESSING  THE 
BIOLOGICAL  CONSEQUENCES  OF  SOLAR  UV-B  RADIATION 

MARTYN  M.  CALDWELL 

Department  of  Range  Science 

Utah  State  University 

Logan,  UT  84322-5230 

♦Abstract  taken  from  Caldwell,  M.M.,  L.B.  Camp,  C.W.  Warner,  and  S.D.  Flint, 
1986.  Action  spectra  and  their  key  role  in  assessing  biological  consequences  of 
solar  UV-B  radiation  change.  In,  NATO  ASI  Series,  Vol.  G8:  Stratospheric  Ozone 
Reduction,  Solar  Ultraviolet  Radiation  and  Plant  Life  (R.C.  Worrest  and  M.M. 
Caldwell,  eds.).  Springer-Verlag,  Berlin,  pp.  87-111. 

ABSTRACT:  Action  spectra  of  UV  damage  to  plants  must  be  used  as  weighing 
functions  to  (1)  evaluate  the  relative  increase  of  solar  UV  radiation  that  would 
result  from  a  decreased  atmospheric  ozone  layer,  the  radiation  amplification 
factor--RAF,  (2)  evaluate  the  existing  natural  gradients  of  solar  UV  irradiance 
on  the  earth,  and  (3)  compare  UV  radiation  from  lamp  systems  in  experiments  with 
solar  UV  radiation  in  nature.  Only  if  the  relevant  biological  action  spectra 
have  certain  characteristics  is  there  a  potential  biological  problem  that  would 
result  from  ozone  reduction.  Similarly  the  existence  of  a  natural  latitudinal 
solar  UV  gradient  is  dependent  on  action  spectrum  characteristics. 

Several  UV  action  spectra  associated  with  different  basic  modes  of  damage  to 
plant  tissues  all  have  the  common  characteristic  of  decreasing  effect  with 
increasing  wavelength;  however,  the  rate  of  decline  varies  considerably. 
Extrapolation  from  action  spectra  that  have  been  measured  on  isolated  organelles 
and  microorganisms  using  monochromatic  radiation  to  effects  of  polychromatic 
radiation  on  intact  higher  plants  is  precarious.  Development  of  action  spectra 
using  polychromatic  radiation  and  intact  higher  plant  organs  can  yield  spectra 
that  are  of  more  ecological  relevance  for  weighing  factors  in  assessment  of  the 
ozone  reduction  problem.  An  example  of  an  action  spectrum  for  photosynthetic 
inhibition  developed  with  polychromatic  radiation  is  provided  in  this  chapter. 
This  action  spectrum  has  different  characteristics,  and  results  in  a  greater  RAF 
than  do  action  spectra  for  inhibition  of  a  partial  photosynthetic  reaction,  the 
hill  reaction,  developed  with  isolated  chloroplast  and  photosynthetic  bacteria. 
Circumstantial  evidence  from  experiments  with  plants  originating  from  different 
latitude  also  supports  the  notion  that  action  spectra  with  characteristics 
similar  to  that  of  the  provisional  spectrum,  developed  with  polychromatic 
radiation,  are  appropriate.  Further  work  with  polychromatic  radiation  is 
encouraged. 

There  are  two  basic  types  of  error  that  are  associated  with  the  use  of  action 
spectra  in  biological  assessments  of  the  ozone  reduction  problem,  the  RAF  errors 
and  the  enhancement  errors.  The  former  are  those  associated  with  calculation  of 
the  RAF,  and  the  latter  are  those  derived  from  calculation  of  the  UV  radiation 
enhancement  used  in  experiments  with  lamp  systems.  While  the  RAF  errors  are 
recognized,  the  enhancement  errors  have  not  been  generally  appreciated.  An  error 
analysis  is  presented  showing  that  the  enhancement  errors  will  typically  be 
larger  and  in  the  opposite  direction  than  the  RAF  errors.  The  enhancement  error 


should  be  considerably  less  in  field  UV  supplementation  experiments  than  in  most 
laboratory  experiments  which  employ  fluorescent  lamps  as  the  primary  UV-B 
radiation  source. 
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UV  PHOTOBIOLOGY  AND  REPAIR  MECHANISMS 

RICHARD  B.  SETLOW 

Biology  Department 

Brookhaven  National  Laboratory 

Upton,  NY  11973 

ABSTRACT:  The  ultraviolet  component  of  sunlight  is  the  most  potent  environmental 
agent  that  alters  the  structures  of  macromolecules.  It  has  played  an  important 
role  in  evolution  and  is  responsible  for  a  wide  variety  of  biological  effects, 
such  as  inhibition  of  macromolecular  synthesis,  mutation  of  cells,  killing  of 
cells,  as  well  as  deleterious  effects  on  proteins  and  membranes.  The  effects  on 
DNA  are  probably  the  most  important  not  only  because  DNA  contains  the  information 
in  cells  necessary  for  transcription  and  translation,  but  because  DNA  is  the 
largest  molecule  in  cells  and  it  has  a  significant  absorption  coefficient  in  the 
UV-B  region.  In  this  region,  the  sensitivity  of  DNA  is  at  least  10-fold  greater 
than  that  of  other  cellular  structures. 

All  biological  systems  have  developed  a  number  of  strategies  for  minimizing  the 
effects  of  solar  UV.  DNA  repair  mechanisms  presumably  arose  from  the 
evolutionary  pressure  of  ultraviolet  radiation  and  ameliorate  a  large  fraction  of 
the  ultraviolet  effects.  Two  well -studied  strategies  are  enzymatic 
photoreactivation  (the  direct  reversal  of  UV-induced  pyrimidine  dimers  in  DNA) 
and  nucleotide  excision  (the  removal  of  photo-products  from  DNA  by  a  cut  and 
patch  mechanism  operating  in  the  dark).  Exposure  to  sunlight  involves  the 
simultaneous  application  of  UV  and  photoreactivating  illumination.  Examples  of 
the  combined  effect  of  this  type  of  treatment  will  be  given. 

An  understanding  of  the  effects  of  the  range  of  wavelengths  present  in  sunlight 
on  aquatic  and  terrestrial  ecosystems  requires  a  knowledge  of  these  effects  on 
representative  components  of  the  systems  and  a  basic  understanding  of  the  causes 
for  such  effects.  From  a  photobiological  point  of  view,  the  quantitative  answers 
to  the  following  four  questions  are  essential: 

1.  What  are  the  dose-response  relations  for  monochromatic  wavelengths? 

2.  Do  low  intensities  for  a  long  time  give  the  same  result  as  high  intensities 
for  a  short  time?  (Does  reciprocity  hold?) 

3.  What  is  the  relative  effectiveness  of  different  monochromatic  wavelengths  in 
producing  the  observed  effect  (the  action  spectrum)? 

4.  Is  the  sum  of  the  effects  of  monochromatic  wavelengths  additive, 
antagonistic,  or  synergistic? 

Examples  of  answers  to  these  questions,  and  the  interpretation  of  the  answers, 
will  be  given  for  some  well  studied  simple  bacterial  systems. 

The  data  to  be  discussed  are  derived  from  the  references  that  follow. 

This  work  was  supported  by  the  Office  of  Health  and  Environmental  Research  of  the 

U.S.  Department  of  Energy. 
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UV  RADIATION  AND  THE  AQUATIC  ENVIRONMENT 
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University  of  California 

Santa  Barbara,  CA  93105 

ABSTRACT:  The  work  of  numerous  investigators  provides  conclusive  evidence  that 
exposure  to  Middle  Ultraviolet  (MUV)  Radiation  decreases  algal  productivity. 
Indeed,  there  is  convincing  evidence  that  MUV  radiation,  at  present  levels 
incident  at  the  surface  of  the  ocean,  has  an  influence  on  phytoplankton  as 
currently  measured  by  fixed  bottle  14-C  productivity  incubations.  These  results 
suggest,  but  cannot  prove,  that  ozone  reduction  may  be  harmful  to  phytoplankton 
populations  in  Antarctic  waters.  The  ozone  reduction  over  Antarctic  waters 
during  the  Austral  spring  is  now  so  large  that  it  may  be  possible  to  carry  out  a 
definite  experiment  and  provide  a  direct  quantitative  assessment  of  enhanced  MUV 
on  Antarctic  phytoplankton  populations.  Data  on  motion  of  the  ozone  hole  show 
that  there  is  substantial  motion  of  the  position  of  the  hole  relative  to 
geographical  locations.  The  strong  gradient  in  ozone,  which  characterizes  the 
ozone  hole,  causes  a  corresponding  strong  gradient  in  MUV;  i.e.,  a  "front"  of 
MUV.  This  front,  analogous  to  oceanographic  fronts,  provides  the  opportunity  to 
carry  out  experiments  on  either  side  of  the  front  and  to  compare  the  influence  of 
change  in  MUV  stress  in  mature  phytoplankton  populations. 
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ABSTRACT:  The  marine  environment  covers  71%  of  the  Earth's  surface  and  is 
important  in  the  global  cycling  of  carbon  as  well  as  many  other  elements.  Also, 
marine  fisheries  supply  a  major  part  of  the  diet  for  much  of  the  world's 
population.  Stratospheric  ozone  depletion,  especially  at  levels  now  occurring 
during  springtime  over  Antarctica,  poses  a  real  threat  to  important 
biogeochemical  cycles  and  biotic  resources  in  the  marine  environment. 

Ultraviolet-B  radiation  (UV-B)  penetrates  to  about  10%  of  the  euphotic  zone.  In 
pelagic  ocean  water  this  may  exceed  20  meters  in  depth.  Research  has 
demonstrated  that  enhanced  UV-B  radiation  exposures,  simulating  realistic  future 
ozone  depletions,  can  produce  a  number  of  detrimental  effects  on  marine  organisms 
or  communities.  Responses  include  reductions  in  the  growth  and  photosynthesis  of 
photoautotrophs  (phytoplankton  and  seagrass),  acute  mortality,  and  reduced 
fecundity  in  copepods,  increased  abnormalities  in  shellfish  larvae,  decreased 
survival  in  shrimp  and  crab  larvae,  and  inhibition  of  growth  and  induced  lesions 
in  fish  larvae. 

Despite  the  evident  sensitivity  of  marine  organisms  to  UV-B  radiation,  great 
uncertainty  remains  in  extrapolating  from  effects  on  individuals  to  those  on  the 
population  or  community.  These  uncertainties  arise  from:  1)  the  difficulty  in 
defining  the  in  situ  exposure  regime;  2)  the  presence  of  compensatory  mechanisms 
in  the  population;  and  3)  the  occurrence  of  indirect  (food  web)  effects.  Given 
this  uncertainty,  an  overall  assessment  of  the  ecological  effects  of  increasing 
UV-B  radiation  in  the  marine  environment  is  not  currently  possible.  Dose- 
response  data  is  needed  on  the  effects  of  UV-B  radiation  on  plankton, 
biogeochemial  cycles,  fish  eggs  and  larvae,  corals,  and  on  mixed  community 
mesocosms.  In  many  cases,  basic  habitat  and  population  distribution  data  will  be 
needed  to  build  predictive  models. 
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UV-ABSORBING  COMPOUNDS 
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Queensland,  Australia 

ABSTRACT:  Marine  algae  and  invertebrates  living  in  exposed  locations  on  coral 
reefs  are  subjected  to  high  levels  of  solar  ultraviolet  radiation.  Many  of  these 
organisms  protect  their  tissues  from  the  deleterious  effects  of  ultraviolet 
radiation  (UV)  by  synthesizing  specific  UV-absorbing  compounds.  In  most  cases 
the  identities  of  these  compounds  are  as  yet  unknown.  An  exception  is  the 
mycosporine-like  amino  acids  which  have  been  identified  in  a  variety  of  marine 
algae  and  invertebrates,  including  reef-building  corals.  Reef  corals  typically 
contain  a  suite  of  these  compounds,  each  of  which  has  an  absorption  maximum  at  a 
wavelength  between  310  and  360  nm.  The  UV  absorption  spectra  for  the  combined 
compounds  overlap  to  form  a  broad-band  filter  in  the  UV-B  region,  and  thereby 
intercept  physiologically  damaging  wavelengths  of  solar  ultraviolet  radiation. 
The  effectiveness  of  the  mycosporine-like  amino  acids  has  led  to  their 
consideration  as  model  compounds  from  which  a  variety  of  synthetic  analogues  are 
now  being  developed  for  use  in  personal  suncare  preparations  and  protective 
coatings. 

Sequestering  UV-absorbing  compounds  is  one  adaptive  strategy  which  is  available 
to  many,  but  not  all,  marine  algae  and  invertebrates.  Specific  UV-absorbing 
compounds  have  also  been  identified  in  the  eggs  of  some  fish.  The  extent  to 
which  this  UV  photoadaptation  might  ameliorate  the  potential  damage  caused  by 
increasing  solar  ultraviolet  radiation  in  the  Antarctic  is  completely  unknown. 
It  follows  that  researchers  wishing  to  assess  the  biological  impact  of  increased 
solar  ultraviolet  radiation  should  screen  their  experimental  organisms  for  the 
presence  of  these  compounds,  and  determine  the  types  and  quantities  of  compounds 
when  they  are  indicated.  Ecologically  appropriate  time  for  photoadaptation  prior 
to  exposing  organisms  to  abnormally  high  levels  of  UV  radiation  should  also  be 
provided. 
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ABSTRACT:  To  investigate  the  association  between  exposure  to  ultraviolet  (UV) 
radiation  and  cataract,  we  undertook  an  epidemiologic  survey  of  cataract  among 
838  watermen  who  work  on  the  Chesapeake  Bay.  Their  individual  ocular  exposure 
was  calculated  for  each  year  of  life  over  the  age  of  16  by  combining  a  detailed 
occupational  history  with  laboratory  and  field  measurements.  Cataracts  were 
clinically  graded  by  both  type  and  severity.  Those  people  with  cortical  lens 
opacities  had  a  21%  higher  UV-B  exposure  at  each  year  of  life,  and  a  UV-B 
exposure  above  the  median  increased  the  risk  of  cortical  cataract  by  over 
threefold.  No  association  was  found  between  nuclear  lens  opacities  and  UV-B 
exposure.  Neither  cortical  nor  nuclear  opacities  were  associated  with  UV-A 
exposure.  Simple  measures  such  as  wearing  a  hat  or  spectacles  protect  the  eye 
and  could  potentially  reduce  the  amount  of  cortical  cataract  attributed  to  UV-B 
exposure. 
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ABSTRACT:  The  major  consequence  of  stratospheric  ozone  depletion  is  to  increase 
the  amount  of  UV-B  (280-320  nm)  radiation  in  sunlight  reaching  the  earth's 
surface.  There  is  considerable  evidence  that  repeated  exposure  of  light-skinned 
individuals  to  the  UV-B  radiation  in  sunlight  leads  to  the  development  of  basal 
and  squamous  cell  cancers  of  the  skin.  Around  500,000  new  cases  of  skin  cancer 
are  diagnosed  each  year  in  the  United  States,  making  this  the  most  common  type  of 
cancer  in  the  United  States.  The  majority  of  these  cancers  are  thought  to  be 
caused  by  UV-B  exposure.  Thus  an  increase  in  the  amount  of  UV-B  radiation  in 
sunlight  would  further  increase  the  incidence  of  these  skin  cancers,  which  are 
associated  with  a  low  level  of  mortality  (between  1  and  2%)  but  significant 
morbidity. 

There  is  growing  indirect  evidence  that  UV-B  radiation  also  contributes  to  the 
incidence  of  cutaneous  melanoma.  This  cancer  of  the  pigment  cells  in  skin  is 
much  less  common  than  the  other  forms  of  skin  cancer  (approximately  25,000  new 
cases  per  year  in  the  United  States),  but  causes  lethal  disease  in  around  25%  of 
persons  affected.  The  role  played  by  UV-B  radiation  in  the  incidence  of 
cutaneous  melanoma  is  not  well  understood,  and  it  is  clear  that  factors  other 
than  sunlight  exposure  are  also  involved.  Because  UV-B  radiation  is  thought  to 
contribute  to  the  development  of  at  least  some  cutaneous  melanomas,  an  increase 
in  the  UV-B  radiation  in  sunlight  is  expected  to  increase  the  incidence  of  these 
cancers  as  well . 

Other  effects  of  UV-B  radiation  on  human  health  include  ocular  changes  leading  to 
the  formation  of  cataracts  and  other  abnormalities  and  perturbations  of  the 
immune  system.  Studies  on  laboratory  animals  have  shown  that  exposure  to  UV-B 
radiation  interferes  with  several  immune  responses,  including  those  directed 
against  skin  cancers. 

Exposing  animals  to  low  doses  of  UV-B  radiation  interferes  with  the  function  of 
immune  cells  in  the  skin,  leading  to  a  decreased  immune  response,  and  exposure  to 
higher  doses  of  UV-B  impairs  certain  immune  responses  occurring  at  distant, 
unexposed  sites.  Evidence  for  similar  immunologic  changes  in  humans  is  growing, 
which  raises  the  question  of  whether  exposure  to  an  increased  amount  of  UV-B 
radiation  might  interfere  with  the  body's  immune  defenses  against  certain 
infectious  diseases.  This  possibility  is  currently  under  investigation  in 
several  laboratories  using  various  animal  models  of  infectious  diseases. 
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ABSTRACT:  Data  from  the  Nimbus  7  Total  Ozone  Mapping  Spectrometer  (TOMS)  are 
used  to  measure  the  change  in  total  ozone  over  the  Antarctic  region.  During 
September  and  October  in  recent  years  a  pronounced  minimum  in  total  ozone  has 
formed  over  the  Antarctic.  This  minimum,  known  as  the  "ozone  hole",  is  a  nearly 
pole  centered  feature  which  has  deepened  and  expanded  since  1982.  Global  record 
low  amounts  were  first  found  in  1983;  these  records  were  broken  in  1985  and  1987. 
The  area  of  ozone  hole  was  larger  that  the  Antarctic  continent  in  the  later 
years. 

Surface  fluxes  of  UV  sunlight  will  increase  as  the  total  ozone  decreases  but  the 
magnitude  of  the  increase  depends  on  the  solar  zenith  angle.  Ozone  changes  late 
in  spring  thus  have  a  much  larger  effect  than  those  taking  place  in  late  winter. 
The  average  amount  of  ozone  decrease  has  been  computed  in  October,  November,  and 
December  using  the  respective  monthly  average  for  the  four  year  period  from  1979 
to  1982  as  a  reference.  During  October  1987  the  greatest  decrease  was  140  Dobson 
units  (DU)  over  the  Ross  Sea;  total  ozone  over  the  entire  continent  decreased  by 
more  than  100  DU  and  changes  greater  then  50  DU  were  present  over  the  entire 
region  south  of  60  S.  The  November  1987  decreases  were  similar  to  the  October 
decreases  in  amplitude;  the  maximum  decreases  was  140  DU  over  the  coast  of  Marie 
Byrd  Land  centered  on  135  E  longitude.  By  December  1987  the  larger  decreases  had 
dissipated,  although  nearly  the  entire  southern  hemisphere  exhibited  ozone  losses 
greater  than  20  DU;  the  largest  decrease  was  60  DU  over  the  Weddell  Sea. 
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♦MODELLING  ATMOSPHERIC  TRANSMITTANCE  OF  UV  RADIATION 

ALEX  E.S.  GREEN 

ICAAS-SSRB 
University  of  Florida 
Gainsville,  FL  32611 


♦Abstract  taken  from  Green,  A.E.S.,  1983. 
radiation  to  the  ground.  Physiol.  Plant. 


The  penetration  of  ultraviolet 
58:  351-359. 


ABSTRACT:  The  evolution  of  analytic  formulas  for  characterizing  the  ultraviolet 
spectral  irradiance  penetrating  to  the  ground  is  briefly  described.  Analytic 
spectral  functions  for  the  extraterrestrial  solar  spectral  irradiance,  the  ozone 
absorption  coefficients,  Rayleigh  scattering  coefficients  and  aerosol  scattering 
and  absorption  coefficients,  which  are  used  as  basic  inputs,  are  given.  With 
Beer's  law,  these  give  immediately  the  direct  solar  spectral  irradiance.   A 
ratio  technique  described  in  quantitative  detail  gives  a  procedure  for 
calculating  the  skylight  component  of  the  UV  radiation  reaching  the  ground.  The 
influence  of  ground  reflectivity,  clouds  and  a  possible  connection  between 
photobiology  and  radiological  physics  are  discussed.  Finally  the  advantages  of 
multiwavelength  monitoring  are  described,  using  monochromators  similar  to  those 
used  in  satellite  ozone  sounding  to  serve  the  needs  of  the  photobiology  and  the 
atmospheric  science  communities. 
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Bjorn,  L.O.  and  T.M.  Murphy,  1985.  Computer  calculation  of  solar  ultraviolet 
radiation  at  ground  level.  Physiol.  Veq.  23(5):  555-561. 
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BIOLOGICALLY  RELEVANT  UV  RADIATION  OVER  ANTARCTICA 

JOHN  E.  FREDERICK 

Dept.  Geophysical  Sciences 

University  of  Chicago 

5734  S.  Ellis  Ave. 

Chicago,  IL  60537 

ABSTRACT:  Ozone  measurements  from  the  Nimbus  7  satellite  during  September  and 
October  1987  allowed  estimates  of  the  time  history  of  biologically  effective 
radiation  during  the  most  recent  "Antarctic  ozone  hole".  Results  show  that 
noontime  biologically  effective  radiation  levels  over  McMurdo  in  early  October 
reached  levels  similar  to  those  characteristic  of  the  December  21  solstice  with 
an  unperturbed  ozone  amount.  This  is  approximately  a  factor  of  3  above  radiation 
levels  typical  of  early  October.  Despite  these  large  enhancements,  the  radiation 
levels  remain  less  than  those  normally  found  at  low-to-middle  latitudes. 
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SPECIFICATIONS  OF  THE  UNITED  STATES  ANTARCTIC  PROGRAM'S 
EQUIPMENT  SYSTEM  FOR  MONITORING  UV  RADIATION 

GARY  W.  HARRIS 

Research  Instrument  Systems 

5355  S.  El  Camino  Dr. 

Tempe,  AZ  85283 

The  versatile,  laboratory-based  equipment  system  developed  for  the  United  States 
Antarctic  Program  incorporates  a  scanning  spectroradiometer  and  is  designed  for 
high  sensitivity  and  long-term  stability  under  conditions  of  continuous  use.  The 
system  can  be  set  to  take  data,  intensity-calibration  and  wavelength-calibration 
scans  at  preprogrammed  times  during  a  24-hour  period.  The  system  can  then 
operate  unattended  until  disc  space  on  the  controlling  computer  is  filled.  As 
presently  configured,  the  system  meets  the  following  specifications: 

MONOCHROMETER  TYPE:  Double  0.1  m;  holographic  gratings;  250-nm  blaze 

STRAY  LIGHT:  2x10"^  at  8  bandwidths  from  632.8-nm  laser  line 

WAVELENGTH  RANGE:  250  -  650  nm 

WAVELENGTH  RESOLUTION:  0.05  nm/step 

WAVELENGTH  RESOLUTION:  0.05  nm/step 

WAVELENGTH  ACCURACY:  +/-  0.5  nm 

WAVELENGTH  PRECISION:  +/-  0.2  nm 

BANDWIDTH:   1.1  nm  with  0.167-nm  slits  supplied 

ENTRANCE  OPTICS:  Integrating  sphere  with  integral  wavelength  and  intensity 
calibration  sources.  When  mounted  into  a  roofbox,  it  includes  a  shutter 
mechanism,  and  quartz  dome  to  seal  out  moisture.  Entrance  optics  may  be  updated 
in  the  future.  A  teflon  diffuser  assembly  is  presently  being  evaluated  to  reduce 
distortions  caused  by  the  quartz  dome. 

SCAN  SPEED:  0.02  -  25  nm/sec;  computer  controlled 

DETECTOR:  Photomul tipl ier  tube  in  shielded,  cooled  housing 

AMPLIFIER  SENSITIVITY:   10"^^  -  10'^  amps 

DYNAMIC  RANGE:   10"^ 

INTEGRATION  TIME:  0.001  -  64  sec;  computer  controlled 


HIGH  VOLTAGE:  0  -  2000  volts;  computer  controlled 

PHOTON  COUNTING:   H 
computer  controlled 


PHOTON  COUNTING:   10^  counts/sec  maximum;  count  integration  time  0.001  -  64  sec; 
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NOISE  AT  300  NM:  Typically  10'^  -  2x10"-^°  W/cm^nm  in  current  mode  with  0.5-sec 
integration  time 

CALIBRATION  SYSTEM:  Internal  wavelength  and  intensity  mounted  on  integrating 
sphere;  external  200-W  standard  lamp  mounted  on  jig 

COMPUTER  SYSTEM:  IBM-compatible  portable  with  two  1.4  Mb  minifloppy  drives; 
larger  unit  is  being  considered 

COMPUTER  SOFTWARE:  Menu-driven  package  which  allows  scheduling  any  number  of 
scans  at  different  times  during  the  day  for  unattended  operation.  Scans  may 
include  automatic  intensity-  or  wavelength-calibration  runs.  Scans  may  be  broken 
up  into  any  number  of  segments  with  different  sensitivities,  wavelength 
increments,  etc.  for  each  segment.  All  data  is  stored  in  binary  form.  A 
separate  program  will  print,  graph,  or  convert  to  ASCII  format  the  raw  data  for 
use  in  data-base  programs. 
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COLLECTION  AND  DISTRIBUTION  OF  DATA  FROM 
THE  UNITED  STATES  ANTARCTIC  PROGRAM'S  UV  MONITORING  NETWORK 

C.  ROCKY  BOOTH 

Biospherical  Instruments,  Inc. 

4901  Morena  Blvd.  Suite  1003 

San  Diego,  CA  92117 

C.  SUSAN  WEILER 
POLLY  A.  PENHALE 

Division  of  Polar  Programs 

National  Science  Foundation 

1800  G  St.  NW 

Washington,  D.C.  20550 

Ozone  levels  over  the  Antarctic  continent  have  decreased  dramatically  over  the 
past  decade;  while  it  is  known  that  decreases  in  total  ozone  will  increase  the 
amount  of  UV-B  radiation  reaching  the  earth's  surface,  models  have  not  yet  been 
developed  that  can  accurately  predict  ultraviolet  radiation  levels  at  the  earth's 
surface  for  high  latitudes.  In  order  to  obtain  direct  measurements  of  predicted 
changes  in  UV-B  levels  resulting  from  the  Antarctic  "ozone  hole",  the  United 
States  Antarctic  Program  (USAP)  is  developing  a  network  for  monitoring 
ultraviolet  radiation.  Equipment  systems  have  been  installed  at  the  three 
Antarctic  locations,  and  a  system  is  planned  for  installation  at  Ushuaia, 
Argentina.  The  network,  which  will  span  35  degrees  of  latitude,  was  chosen  to 
include  stations  located  within  and  outside  the  "ozone  hole"  region: 

AMUNDSEN-SCOTT  SOUTH  POLE  STATION 
Mc  MURDD  STATION 
PALMER  STATION 
USHUAIA,  ARGENTINA 

The  USAP's  UV  monitoring  network  will  be  coordinated  through  C.R.  Booth.  The 
equipment  is  scheduled  for  operation  throughout  the  austral  spring,  summer  and 
autumn  to  document  changes  in  UV-B  resulting  from  seasonal  changes  in  ozone 
concentration.  The  final  sampling  schedule  has  not  yet  been  established; 
tentative  plans  are  as  follows: 

DATA  COLLECTION:  The  preliminary  sampling  schedule  is  planned  to  include  hourly 
scans  during  daylight  hours  at  three  levels  of  sensitivity: 

SENSITIVITY         WAVELENGTH  RANGE         STEP  SIZE 

high  280  -  315  nm  0.2  nm 

medium  280  -  350  nm  0.5  nm 

low  280  -  700  nm  5.0  nm 

Calibration  scans  for  wavelength  and  intensity  will  be  taken  daily.  The 
spectroradiometers  will  be  interfaced  with  Eppley  UV  radiometers  (290-385  nm)  and 
Eppley  spectral  radiometers  (300-3000  nm)  to  account  for  transient  changes  in 
cloud  cover  which  may  occur  during  the  time  it  takes  to  complete 
spectroradiometer  scans  (ca.  10  min./scan). 

23 


90° 

S 

77°  51' 

S 

166°  40'  E 

64°  45' 

S 

64°  03'  W 

54°  49' 

S 

68°  19'  W 

DATA  PROCESSING:  Data  from  all  systems  will  be  transmitted  to  Biospherical 
Instruments,  Inc.  where  it  will  be  processed  to  three  levels: 

RAW  DATA:  Raw  data  will  be  archived  after  its  transmission  from  the  remote 
sites.  The  data  will  be  verified  and  scan  parameters  (start  wavelength,  stop 
wavelength,  and  high-voltage  and  tube  currents)  will  be  specified. 

PRELIMINARY  DATA:  Data  from  each  hourly  scan  will  be  processed  with 
calibration  constants  applied  to  provide  information  in  approximately  the 
following  forms: 

280  -  350  nm  averaged  over  1-nm  increments 
280  -  700  nm  averaged  over  5-nm  increments 
UV-B,  UV-A,  and  PAR  averaged  hourly 
Weighted  observations  using  various  action  spectra 
FINAL  DATA:  Data  will  be  corrected  annually,  after  each  site  has  been  visited 
for  an  appraisal  of  the  system's  calibration  stability. 

DATA  DISTRIBUTION:  Those  interested  in  obtaining  data  should  contact  P. A. 
Penhale. 
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